EP 1 887 839 A2

(19)

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
13.02.2008 Bulletin 2008/07

(21) Application number: 07015419.0

(22) Date of filing: 07.08.2007

(11) EP 1 887 839 A2

EUROPEAN PATENT APPLICATION

(51) Int CL:
HO5B 41/282 (2006.01

(84) Designated Contracting States:
ATBEBG CHCY CZDE DKEE ES FIFR GB GR
HUIEISITLILT LU LV MC MT NL PL PT RO SE
SISKTR
Designated Extension States:
AL BA HR MK YU

(30) Priority: 09.08.2006 KR 20060075300
20.07.2007 KR 20070073001

(71) Applicant: Samsung Electronics Co., Ltd.
Yeongtong-gu
Suwon-city, Gyeonggi-do 442-742 (KR)

(72) Inventor: Kim, Myoung Soo
Chungcheongnam-Do, 330, 210 (KR)

(74) Representative: Weitzel, Wolfgang
Dr. Weitzel & Partner
Patentanwilte
Friedenstrasse 10
89522 Heidenheim (DE)

(54)

Current sensing transformer, method of manufacturing current sensing transformer, lamp

power supply having the current sensing transformer, and liquid crystal display having the

lamp power supply

(57)  The present invention relates to a current sens-
ing transformer, a method of manufacturing the same, a
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a current sens-
ing transformer, a method of manufacturing the same, a
lamp power supply having the same, and a liquid crystal
display ("LCD") having the lamp power supply. More spe-
cifically, the presentinvention relates to a current sensing
transformer reducing the number of components of a
lamp power supply, a method of manufacturing the cur-
rent sensing transformer, a lamp power supply having
the current sensing transformer, and an LCD having the
lamp power supply.

2. Description of the Related Art

[0002] Aliquid crystal display ("LCD") is used to adjust
an amount of light transmitted in accordance with image
signals applied to a number of control switches arrayed
in a matrix form to display desired images on an LCD
panel. The LCD includes an LCD panel on which images
are displayed directly and a backlight unit that irradiates
light on the LCD panel. Since such an LCD is not self-
luminescent, a light source such as a backlight is re-
quired. A variety of fluorescent lamps, light emitting di-
odes ("LEDs") and the like are used as light sources, and
cold cathode fluorescent lamps ("CCFLs") are mainly
used. Recently, features such as large size and high
brightness have been continuously required in LCDs
through various applications such as LCD TVs and mon-
itors. Accordingly, the number of lamps used as light
sources in a backlight has been increased. Since the
increase in the number of lamps results in a larger size
of a lamp power supply required for lamp driving and a
cost increase, techniques for cost reduction have been
suggested.

[0003] A related art lamp power supply, i.e. a lamp-
driving inverter unit, has been used to provide a high-
voltage AC power to a lamp, and an additional current
sensing transformer for sensing the level of power ap-
plied to the lamp has been required in addition to a trans-
former for transforming the level of AC power. As aresult,
since the number of components of the lamp power sup-
ply is increased, the production costs are increased ac-
cordingly. Further, as the size of the lamp power supply
becomes large, a space required for mounting the lamp
power supply within an LCD is increased.

BRIEF SUMMARY OF THE INVENTION

[0004] The present invention reduces the production
cost of a liquid crystal display ("LCD") and miniaturizes
the size of a lamp power supply by reducing the number
of components of the lamp power supply required for the
lamp driving and simplifying a manufacturing process.
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[0005] Accordingly, the present invention provides a
coreless current sensing transformer manufactured us-
ing a printed circuit board ("PCB") to reduce the number
of components of a lamp power supply and to simplify a
manufacturing process, a method of manufacturing the
coreless current sensing transformer, a lamp power sup-
ply having the coreless current sensing transformer, and
an LCD having the lamp power supply.

[0006] According to exemplary embodiments of the
present invention, there is provided a current sensing
transformer including a PCB having an insulating base
plate, a first winding pattern formed in a predetermined
shape on a first surface of the insulating base plate of
the PCB, and a second winding pattern formed in a pre-
determined shape on a second surface of the insulating
base plate of the PCB.

[0007] Preferably, the first and second winding pat-
terns are arranged to face each other, and each of the
first and second winding patterns is made of a conductive
material, such as copper. Each of the first and second
winding patterns may be shaped into any one of a poly-
gon, a circle, and an ellipse.

[0008] The current sensing transformer may further in-
clude a first magnetic flux leakage prevention layer po-
sitioned on the first surface of the insulating base plate
of the PCB and within the first winding pattern, and a
second magnetic flux leakage prevention layer posi-
tioned on the second surface of the insulating base plate
of the PCB and within the second winding pattern. Pref-
erably, each of the firstand second magnetic flux leakage
prevention layers is made of a ferrite polymer composite.
The first and second magnetic flux leakage prevention
layers may be shaped to correspond to the first and sec-
ond winding patterns, respectively.

[0009] Preferably, the PCB is a double-sided or multi-
layered PCB.
[0010] According to other exemplary embodiments of

the present invention a method of manufacturing a cur-
rent sensing transformer includes providing a PCB, form-
ing first and second winding patterns with a predeter-
mined shape on first and second opposing surfaces of
the PCB, respectively, and forming firstand second mag-
netic flux leakage prevention layers within the first and
second winding patterns, respectively.

[0011] Providing a PCB may further include providing
a copper clad laminate with copper clad layers formed
on first and second surfaces of an insulating base plate.
Forming first and second winding patterns may further
include forming photoresist patterns with a predeter-
mined shape on the copper clad layers, etching the cop-
per clad layers, and removing the photoresist patterns.

[0012] Preferably, each of the first and second mag-
netic flux leakage prevention layers may be made of a
ferrite polymer composite.

[0013] According to further exemplary embodiments
of the present invention, a lamp power supply includes
a DC/AC converter converting DC power supplied from
an outside into AC power, a transformer transforming a



3 EP 1 887 839 A2 4

level of AC power output from the DC/AC converter, a
power sensing unit sensing a level of AC power applied
to alamp, a comparator comparing a power level sensed
by the power sensing unit to a reference power level to
determine a change in power, and a controller controlling
an operation of the DC/AC converter in response to a
signal output from the comparator, wherein the power
sensing unit includes a current sensing transformer in-
cluding a PCB having an insulating base plate, a first
winding pattern formed in a predetermined shape on a
first surface of the insulating base plate of the PCB, and
a second winding pattern formed in a predetermined
shape on a second surface, opposite the first surface of
the insulating base plate of the PCB.

[0014] The power sensing unit may further include a
first magnetic flux leakage prevention layer positioned
on the first surface of the insulating base plate of the PCB
and within the first winding pattern, and a second mag-
netic flux leakage prevention layer positioned on the sec-
ond surface of the insulating base plate of the PCB and
within the second winding pattern.

[0015] Preferably, the DC/AC converter, the trans-
former that transforms a level of AC power output from
the DC/AC converter, the comparator, and the controller
are mounted on the PCB.

[0016] Preferably, the power sensing unitis connected
toaninput or output terminal of the transformer that trans-
forms a level of AC power output from the DC/AC con-
verter.

[0017] The lamp power supply may further include a
switching unit connected to an input terminal of the
DC/AC converter to control output of DC power supplied
from the outside.

[0018] According to still further exemplary embodi-
ments of the present invention, an LCD includes at least
one lamp, a backlight unit including a lamp power supply
which includes a DC/AC converter converting DC power
supplied from outside into AC power, a transformer trans-
forming a level of AC power output from the DC/AC con-
verter, apower sensing unit sensing the level of AC power
applied to the lamp, a comparator comparing a power
level sensed by the power sensing unit to a reference
power level to determine a change in power, and a con-
troller controlling an operation of the DC/AC converter in
response to a signal output from the comparator, and an
LCD panel positioned above the backlight unit to display
an image thereon, wherein the power sensing unit in-
cludes a current sensing transformer which includes a
PCB having an insulating base plate, a first winding pat-
tern formed in a predetermined shape on a first surface
of the insulating base plate of the PCB, and a second
winding pattern formed in a predetermined shape on a
second surface, opposite the first surface, of the insulat-
ing base plate of the PCB.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other features and advantages
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of the present invention will become apparent from the
following description of preferred embodiments given in
conjunction with the accompanying drawings, in which:

FIGS. 1A to 1C are perspective, plan, and sectional
views of an exemplary current sensing transformer
according to a first exemplary embodiment of the
present invention, respectively;

FIGS. 2A and 2B are perspective views showing
modified examples of the exemplary current sensing
transformer according to the first exemplary embod-
iment of the present invention;

FIGS. 3A to 3C are perspective, plan, and sectional
views of an exemplary current sensing transformer
according to a second exemplary embodiment of the
present invention, respectively;

FIGS. 4A to 4E are sectional views illustrating an
exemplary process of manufacturing an exemplary
current sensing transformer according to the present
invention;

FIG. 5A is block diagram schematically showing an
exemplary lamp power supply having an exemplary
current sensing transformer according to the present
invention, FIG. 5B is a circuit diagram schematically
showing a power sensing unit and FIG. 5C is a per-
spective view of the current sensing transformer
shown in FIG. 5B;

FIG. 6 is a schematic view showing a configuration
of an exemplary DC/AC converter shown in FIG. 5A;
and

FIG. 7 is an exploded perspective view of an exem-
plary liquid crystal display ("LCD") having an exem-
plary lamp power supply according to the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The invention will now be described more fully
hereinafter with reference to the accompanying draw-
ings, in which embodiments of the invention are shown.
This invention may, however, be embodied in many dif-
ferent forms and should not be construed as limited to
the embodiments set forth herein. Rather, these embod-
iments are provided so that this disclosure will be thor-
ough and complete, and will fully convey the scope of
the invention to those skilled in the art. Like reference
numerals refer to like elements throughout.

[0021] It will be understood that when an element is
referred to as being "on" another element, it can be di-
rectly on the other element or intervening elements may
be present there between. In contrast, when an element
is referred to as being "directly on" another element, there
are no intervening elements present. As used herein, the
term "and/or" includes any and all combinations of one
or more of the associated listed items.

[0022] It will be understood that, although the terms
first, second, third etc. may be used herein to describe
various elements, components, regions, layers and/or
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sections, these elements, components, regions, layers
and/or sections should not be limited by these terms.
These terms are only used to distinguish one element,
component, region, layer or section from another ele-
ment, component, region, layer or section. Thus, a first
element, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teach-
ings of the present invention.

[0023] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," or "includes"
and/or "including" when used in this specification, specify
the presence of stated features, regions, integers, steps,
operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements,
components, and/or groups thereof.

[0024] Spatially relative terms, such as "beneath", "be-
low", "lower", "above", "upper" and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass dif-
ferent orientations of the device in use or operation in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, ele-
ments described as "below" or "beneath" other elements
or features would then be oriented "above" the other el-
ements or features. Thus, the exemplary term "below"
can encompass both an orientation of above and below.
The device may be otherwise oriented (rotated 90 de-
grees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0025] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning
in the context of the relevant art and the present disclo-
sure, and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.
[0026] Embodiments of the present invention are de-
scribed herein with reference to cross section illustrations
that are schematic illustrations of idealized embodiments
of the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments of the present invention
should not be construed as limited to the particular
shapes of regions illustrated herein but are to include
deviations in shapes that result, for example, from man-
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ufacturing. For example, a region illustrated or described
as flat may, typically, have rough and/or nonlinear fea-
tures. Moreover, sharp angles that are illustrated may be
rounded. Thus, the regions illustrated in the figures are
schematic in nature and their shapes are not intended to
illustrate the precise shape of a region and are not in-
tended to limit the scope of the present invention.
[0027] Hereinafter, preferred exemplary embodiments
of the present invention will be further described with ref-
erence to the accompanying drawings.

[0028] FIGS. 1A to 1C are perspective, plan, and sec-
tional views of an exemplary current sensing transformer
according to a first exemplary embodiment of the present
invention, respectively.

[0029] ReferringtoFIGS. 1Ato 1C, the current sensing
transformer 540 includes an insulating base plate 541 of
a printed circuitboard ("PCB"), and first and second wind-
ing patterns 542 and 543.

[0030] The first winding pattern 542 is formed on one
surface, i.e. a top surface of the insulating base plate 541
ofthe PCB, and the second winding pattern 543 is formed
onthe other surface, i.e. a bottom surface of the insulating
base plate 541 of the PCB.

[0031] In general, a PCB is manufactured by forming
a conductor pattern of a conductive material on either a
surface of an insulating base plate or the surface and
interior of the insulating base plate on the basis of a de-
sired electrical design. The PCB serves as a support used
to mount various kinds of components within a finished
product and performs a function of connecting signals of
the respective components to one another. Such a PCB
is classified into a single-sided PCB with circuits formed
on a single surface thereof, a double-sided PCB with cir-
cuits formed on both top and bottom surfaces thereof, a
multi-layered PCB with circuits additionally formed within
the interior of the PCB in addition to both the top and
bottom surfaces thereof, and the like. Although the dou-
ble-sided PCB is described as an example in this em-
bodiment, the present invention is not limited thereto.
That is, the multi-layered PCB may be used.

[0032] The first and second winding patterns 542 and
543 are formed substantially in the shape of a rectangle
and are arranged to face each other. Further, each of the
first and second winding patterns 542 and 543 is made
of a conductive material. Preferably, each of the first and
second winding patterns 542 and 543 is made of copper,
which is generally used as an electrical conductive ma-
terial in a PCB.

[0033] Although each of the first and second winding
patterns 542 and 543 is wound once in this embodiment,
the present invention is not limited thereto. That is, the
number of windings of each of the first and second wind-
ing patterns 542 and 543 may vary. At this time, in a case
where each of the first and second winding patterns 542
and 543 is wound at least twice or more, the first or sec-
ond winding pattern 542 or 543 is spirally formed as a
whole.

[0034] A related art current sensing transformer, not
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shown, is formed by winding first and second windings
around a core. The first and second windings wound
around the core are electrically isolated from but mag-
netically combined with each other. Thus, ifan AC current
flows into the first winding, magnetic flux passing through
the core is changed and thus an induced electromotive
force is generated in the second winding due to an elec-
tromagnetic induction action. Accordingly, the current
sensing transformer senses a current using such a prin-
ciple.

[0035] In the current sensing transformer 540 accord-
ing to the present invention which includes first and sec-
ond winding patterns 542, 543 corresponding respective-
ly tothe firstand second windings of the related art current
sensing transformer, if an AC current is applied to the
first winding pattern 542, an induced electromotive force
is generated in the second winding pattern 543 due to
an electromagnetic induction action such that the current
sensing transformer 540 can sense a current. Since the
firstand second winding patterns 542, 543 are not wound
around a core, the current sensing transformer 540 is a
coreless current sensing transformer.

[0036] FIGS. 2A and 2B are perspective views show-
ing modified examples of the exemplary current sensing
transformer according to the first exemplary embodiment
of the present invention.

[0037] Referring to FIGS. 2A and 2B, a first winding
pattern 542 is formed on one surface, i.e. a top surface
of an insulating base plate 541 of a PCB, and a second
winding pattern 543 is formed on the other surface, i.e.
a bottom surface of the insulating base plate 541 thereof.
Atthis time, a pair of the first and second winding patterns
542 and 543 are formed in the shape of either a circle or
a substantially circular shape as shown in FIG. 2A or an
ellipse or a substantially elliptical shape as shown in FIG.
2B and are arranged to face each other. However, the
shapes of the first and second winding patterns 542 and
543 are not limited thereto but may be changed in various
ways.

[0038] FIGS. 3Ato 3C are perspective, plan, and sec-
tional views of an exemplary current sensing transformer
according to a second exemplary embodiment of the
present invention, respectively.

[0039] ReferringtoFIGS. 3Ato 3C, the currentsensing
transformer 540 comprises an insulating base plate 541
of a PCB, first and second winding patterns 542 and 543,
and first and second magnetic flux leakage prevention
layers 544 and 545.

[0040] The first winding pattern 542 is formed on one
surface, i.e. a top surface of the insulating base plate 541
ofthe PCB, and the second winding pattern 543 is formed
onthe other surface, i.e. a bottom surface of the insulating
base plate 541 thereof.

[0041] The first and second winding patterns 542 and
543 may be formed in the shape of a rectangle as illus-
trated and are arranged to face each other. Further, each
of the first and second winding patterns 542 and 543 is
made of a conductive material. Preferably, the winding
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pattern is made of copper, which is generally used as a
conductive material in a PCB.

[0042] Although each of the first and second winding
patterns 542 and 543 is wound once in this embodiment,
the present invention is not limited thereto. That is, the
number of windings of each of the first and second wind-
ing patterns 542 and 543 may vary. Further, the shapes
of the first and second winding patterns 542 and 543 are
not limited to the illustrated rectangle shape but the wind-
ing patterns may be formed into various shapes such as,
but not limited to, a circle or ellipse as described above.
[0043] The first magnetic flux leakage prevention layer
544 is formed on one surface, i.e. the top surface of the
insulating base plate 541 of the PCB and is preferably
positioned within a space defined by the first winding pat-
tern 542. Furthermore, the second magnetic flux leakage
prevention layer 545 is formed on the other surface, i.e.
the bottom surface of the insulating base plate 541 of the
PCB and is preferably positioned within a space defined
by the second winding pattern 543. The first and second
magnetic fluxleakage prevention layers 544 and 545 pre-
vent magnetic flux generated between the first and sec-
ond winding patterns 542 and 543 from leaking to the
outside.

[0044] At this time, the first and second magnetic flux
leakage prevention layers 544 and 545 are shaped to
correspond to the shape of the first and second winding
patterns 542 and 543, respectively. That is, each of the
first and second magnetic flux leakage prevention layers
544 and 545 may be formed in the shape of a rectangle,
however the first and second magnetic flux leakage pre-
vention layers 544 and 545 may be formed in the shape
of a circle, ellipse, or other shape defined by the first and
second winding patterns 542 and 543.

[0045] Further, the first and second magnetic flux leak-
age prevention layers 544 and 545 are arranged such
that they are spaced apart from the first and second wind-
ing patterns 542 and 543 by a predetermined interval,
respectively. That is, the first and second winding pat-
terns 542 and 543 are formed along the circumferences
of the first and second magnetic flux leakage prevention
layers 544 and 545, respectively. Also, the first and sec-
ond winding patterns 542 and 543 may be spaced slightly
from the circumferences of the first and second magnetic
flux leakage prevention layers 544 and 545, respectively.
[0046] In addition, it is preferred that each of the first
and second magnetic flux leakage prevention layers 544
and 545 be made of a ferrite polymer composite. Since
the ferrite polymer composite is a composite of ferrite
powder and plastic, it has a stable magnetic property and
can be manufactured in the form of a flexible film. There-
fore, a ferrite polymer composite is suitable for the mag-
netic flux leakage prevention layers 544, 545 of the ex-
emplary embodiments of the present invention.

[0047] FIGS. 4A to 4E are sectional views illustrating
an exemplary process of manufacturing an exemplary
current sensing transformer according to the present in-
vention.
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[0048] Referring to FIG. 4A, a PCB is first provided. At
this time, as the PCB is provided, a copper clad laminate
with copper clad layers 542’ and 543’ formed on top and
bottom surfaces of an insulating base plate 541 is pro-
vided. Although a copper clad laminate for adouble-sided
PCB is employed in this embodiment, the present inven-
tion is not limited thereto. A copper clad laminate for a
multi-layered PCB may be employed.

[0049] Referring to FIG. 4B, photoresist patterns 546
and 547 with a predetermined shape are formed on the
copper clad layers 542’ and 543, respectively. To form
the photoresist patterns 546 and 547, a photoresist may
be formed on an entire surface of each of the copper clad
layers 542’ and 543’ and then shaped into the predeter-
mined photoresist patterns 546 and 547 through a light
exposure and development process using a mask (not
shown) with a predetermined pattern formed thereon.
[0050] Referringto FIGS. 4C and 4D, after the copper
clad layers 542’ and 543" have been etched using the
photoresist patterns 546 and 547 as etching masks, the
photoresist patterns 546 and 547 are removed to form
first and second winding patterns 542 and 543 with a
predetermined shape.

[0051] Referringto FIG. 4E, first and second magnetic
flux leakage prevention layers 544 and 545 are formed
within the first and second winding patterns 542 and 543,
respectively. At this time, each of the first and second
magnetic flux leakage prevention layers 544 and 545
may be formed by attaching a film made of a ferrite pol-
ymer composite to the insulating base plate 541 within
the peripheries of the first and second winding patterns
542 and 543. Instead of attaching a film t the plate 541,
the magnetic flux leakage prevention layers 544 and 545
may alternatively be formed by performing a photolithog-
raphy and etching process on a thin film formed on the
plate 541. However, the present invention is not limited
thereto, but the material, shape and manufacturing proc-
ess of the first and second magnetic flux leakage pre-
vention layers 544 and 545 may be changed in various
ways. Further, while it has been described in this embod-
iment that a winding pattern 542 or 543 is first formed
and then a magnetic flux leakage prevention layer 544
or 545 is formed within the winding pattern, in an alter-
native embodiment, a magnetic flux leakage prevention
layer 544 or 545 may first be formed and then a winding
pattern 542 or 543 surrounding the layer 544 or 545 may
be formed.

[0052] FIG.5Aisblockdiagram schematically showing
an exemplary lamp power supply having an exemplary
current sensing transformer according to the present in-
vention, FIG. 5B is a circuit diagram schematically show-
ing a power sensing unit and FIG. 5C is a perspective
view of the current sensing transformer shown in FIG.
5B. FIG. 6 is a schematic view showing the configuration
of an exemplary DC/AC converter shown in FIG. 5A.
[0053] Referringto FIGS. 5Ato 6, the lamp power sup-
ply 500 includes a switching unit 510, a DC/AC converter
520, a power sensing unit 530, a transformer 550, a com-
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parator 560, and a controller 570.

[0054] The switching unit 510 controls the output of
DC power supplied from the outside. The DC/AC con-
verter 520 connected to an output terminal of the switch-
ing unit 510 converts DC power supplied through the
switching unit 510 into AC power.

[0055] The DC/AC converter 520 includes an inductor
L, a capacitor C, first and second switches 521 and 522,
and a switch controller 525. The capacitor C is connected
in parallel to the transformer 550, wherein a first node of
the capacitor C is connected to the first switch 521 and
a second node thereof is connected to the second switch
522.

[0056] The transformer 550 is connected to an output
terminal of the DC/AC converter 520. Further, the trans-
former 550 transforms the level of an AC power output
fromthe DC/AC converter 520 to provide the transformed
AC power to a lamp 410 as shown in FIGS. 5 and 6, so
that the lamp 410 can be driven. A first winding 551 of
the transformer 550 is connected to the output terminal
ofthe DC/AC converter 520, and may be further connect-
ed to the power sensing unit 530 as will be further de-
scribed below. A second winding 552 of the transformer
550 is connected to both electrodes of the lamp 410.
[0057] The power sensing unit 530 performs a function
of sensing the level of the AC power applied to the lamp
410. In this embodiment, the power sensing unit 530 in-
cludes the aforementioned current sensing transformer
540 using a PCB, and a current change detection unit
580. Further, the power sensing unit 530 including the
current sensing transformer 540 can be connected to the
firstwinding 551 of the transformer 550 to sense a current
applied to the lamp 410, as described in this embodiment
of the present invention. Alternatively, the power sensing
unit 530 may be connected to the second winding 552
of the transformer 550 to sense a current applied to the
lamp 410.

[0058] The comparator 560 determines if a level of cur-
rent change detected by the current change detection
unit 580 is in a normal state, and the controller 570 turns
on/off the switching unit 510 in response to signals output
from the comparator 560 to control the operation of the
DC/AC converter 520.

[0059] Referring to FIG. 5B and 5C, a circuit configu-
ration and operation scheme of the power sensing unit
530 and the comparator 560 will be described. The power
sensing unit 530 includes a current sensing transformer
540 and a current change detection unit 580.

[0060] The current sensing transformer 540 includes
an insulating base plate 541 on a printed circuit board, a
first winding pattern 542 formed on one side of the insu-
lating base plate 541 and a second winding pattern 543
on the other side of the insulating base plate 541. First
connection terminals 542a and 542b are formed at both
ends of the first winding pattern 542, and second con-
nection terminals 543a and 543b are formed at both ends
of the second winding pattern 543.

[0061] The first winding pattern 542 of the current
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sensing transformer 540 is connected between a first
winding 551 of a transformer 550 and a DC/AC converter
520. That is, one of the first connection terminals 542a
of the first winding pattern 542 is connected to the first
winding 551, and the other one of the first connection
terminals 542b is connected to the DC/AC converter 520.
Further, the second winding pattern 543 is connected to
the current change detection unit 580. That s, the second
connection terminals 543a and 543b of the second wind-
ing pattern 543 are connected to detection terminals 581
and 582 of the current change detection unit 580
[0062] The current sensing transformer 540 detects a
current change by sensing a magnetic flux change A in
the firstwinding pattern 542 connected to the first winding
551 of the transformer 550. The current sensing trans-
former 540 includes the second winding pattern 543.
[0063] The detection terminal 581 and 582 of the cur-
rentchange detection unit 580 is connected to the second
connection terminal 543a and 543b of the second wind-
ing pattern 543, and detects a voltage generated due to
the magnetic flux change A¢. The voltage detected at
the detection terminal 581 and 582 is supplied to a circuit
which detects a current change. Such a circuit includes
adiode 583, acondenser 584 and resistor 585. The diode
583 is connected to the detection terminal 581. The con-
denser 584 and the resistor 585 are connected between
a cathode and the detection terminal 582 of the diode
583 as a filtering circuit. As such, the current change
detection unit 580 is configured as a current/voltage con-
verter which converts the current change to the change
of DC voltage, thereby the condenser 584 and the resistor
585 obtain a DC voltage in response to the current
change. The level of DC voltage indicates the current
change.

[0064] The detected signal by the current change de-
tection unit 580 is supplied to the comparator 560. The
comparator 560 is included in an amplifier of the detected
signal, and determines if the operation is in normal state
by comparing the level of current change. The controller
570 turns on/off the switching unit 510 in response to
signals output from the comparator 560 to control the
operation of the DC/AC converter 520.

[0065] An operation of the lamp power supply will now
be described. If the switching unit 510 is turned on, a DC
power from the outside is applied to the DC/AC converter
520 through the switching unit 510, and an AC voltage,
e.g. a sine wave voltage, is applied throughout a load or
lamp from the DC/AC converter 520. A current flows into
the center tap of the transformer 550 via the inductor L.
The switch controller 525 controls the turning on/off of
the first and second switches 521 and 522, and the first
and second switches 521 and 522 are alternately opened
and closed to generate an AC waveform throughout the
second winding 552 of the transformer 550. At this time,
although the operating frequencies of the firstand second
switches 521 and 522 may be fixed, they are normally
synchronized with the resonance frequency of a reac-
tance element (i.e., capacitor C) of a circuit. If the oper-
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ating frequencies of the first and second switches 521
and 522 are synchronized with the resonance frequency
of the reactance element of the circuit, a sine wave is
output.

[0066] If the switching unit 510 is turned off, a DC pow-
er supplied to the lamp power supply is cut off and the
switching unit 510 adjusts the DC power output by means
of the output of the controller 5 70 to control the power
applied to the lamp 410.

[0067] The power sensing unit 530 is connected to the
first or second winding 551 or 552 of the transformer 550,
so that it can be determined based on the current sensed
by the power sensing unit 530 whether current is normally
supplied to the lamp 410 from the DC/AC converter 520.
[0068] Atthistime, the powersensingunit530includes
the current sensing transformer 540 which includes the
insulating base plate 541 of the PCB, the firstand second
winding patterns 542 and 543, and the first and second
magnetic flux leakage prevention layers 544 and 545, as
described above. The switching unit 510, the DC/AC con-
verter 520, the transformer 550, the comparator 560, the
controller 570 and the like, which are components of the
aforementioned lamp power supply, may be mounted on
the PCB with the current sensing transformer 540 formed
thereon, in addition to the current sensing transformer
540.

[0069] Consequently, the present invention is config-
ured in such a manner that a current sensing transformer
is formed on a PCB, which is widely used in an LCD, so
that it is not necessary to use an additional current sens-
ing transformer as a separate component. Further, the
number of components of a lamp power supply can be
reduced and a manufacturing process can also be sim-
plified using the current sensing transformer of the
present invention. Accordingly, production costs of the
lamp power supply can be reduced.

[0070] FIG. 7 is an exploded perspective view of an
exemplary LCD having an exemplary lamp power supply
according to the present invention.

[0071] Referring to FIG. 7, the LCD includes a top
chassis 300, an LCD panel 100, driving circuit units 220
and 240, a lamp unit 400, a lamp power supply 500, op-
tical members 700 including a plurality of optical sheets
710 and a diffusion plate 720, a mold frame 800, and a
bottom chassis 900.

[0072] The LCD panel 100 includes a common elec-
trode panel 110 and a TFT substrate 120. The driving
circuit units 220 and 240 are connected to the LCD panel
100. The driving circuit units 220 and 240 include a gate-
side PCB 224 equipped with a control integrated circuit
("IC") to apply predetermined gate signals to gate lines
of the TFT substrate 120, a data-side PCB 244 equipped
with a control IC to apply predetermined data signals to
data lines of the TFT substrate 120, a gate-side flexible
PCB 222 for connecting the TFT substrate 120 and the
gate-side PCB 224, and a data-side flexible PCB 242 for
connecting the TFT substrate 120 and the data-side PCB
244,
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[0073] Thetop chassis 300isformed into arectangular
frame with planar and sidewall portions bent perpendic-
ular to each other in order to prevent the LCD panel 100
and the driving circuit units 220 and 240 from being sep-
arated from the other elements of the LCD and to protect
them against external impact.

[0074] Thelamp unit400includeslamps 410 andlamp
sockets 430 for seating the lamps 410 thereon.

[0075] To drive the lamps 410, the lamp power supply
500 functions to generate power applied to the lamps
410. At this time, the lamp power supply 500 is manu-
factured by mounting a switching unit, a DC/AC convert-
er, a transformer, a comparator, a controller and the like,
which are components of the lamp power supply 500,
onto a PCB, as described above. Accordingly, since a
current sensing transformer is further formed on a PCB
on which a variety of components of a lamp power supply
500 will be mounted, it is not necessary to utilize an ad-
ditional current sensing transformer as a separate com-
ponent.

[0076] The plurality of optical sheets 710, the diffusion
plate 720, the lamp unit 400 and the reflection plate 600
are sequentially stacked one above another on a bottom
surface of a storage space defined in the mold frame
800. The bottom chassis 900 coupled with the mold frame
800 to hold the above components is positioned below
the mold frame 800.

[0077] As described above, according to the present
invention, a coreless current sensing transformer can be
manufactured using a PCB with various components of
a lamp power supply mounted thereon instead of em-
ploying an additional current sensing transformer as an
additional component. Therefore, the number of compo-
nents can be reduced and a manufacturing process can
also be simplified.

[0078] Consequently, manufacturing costs of the lamp
power supply and the LCD including the lamp power sup-
ply can be reduced.

[0079] The foregoing merely describes exemplary em-
bodiments of a current sensing transformer, a method of
manufacturing the same, a lamp power supply having
the current sensing transformer, and an LCD having the
lamp power supply according to the present invention.
Thus, the present invention is not limited thereto. Al-
though the presentinvention has been described in detail
in connection with the preferred embodiments, it will be
readily understood by those skilled in the art that various
modifications and changes can be made thereto within
the technical spirit and scope of the present invention. It
is also apparent that the modifications and changes fall
within the scope of the present invention defined by the
appended claims.

Claims

1. A current sensing transformer comprising:
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a printed circuit board having an insulating base
plate;

afirstwinding pattern formed in a predetermined
shape on a first surface of the insulating base
plate of the printed circuit board; and

a second winding pattern formed in a predeter-
mined shape on a second surface, opposite the
first surface, of the insulating base plate of the
printed circuit board.

2. The current sensing transformer as claimed in claim
1, wherein the first and second winding patterns are
arranged to face each other.

3. The current sensing transformer as claimed in claim
1, wherein each of the first and second winding pat-
terns is made of a conductive material.

4. The current sensing transformer as claimed in claim
3, wherein each of the first and second winding pat-
terns comprises copper.

5. The current sensing transformer as claimed in claim
1, wherein each of the first and second winding pat-
terns is shaped into one of a polygon, a circle, and
an ellipse.

6. The current sensing transformer as claimed in claim
1, further comprising:

afirstmagnetic flux leakage prevention layer po-
sitioned on the first surface of the insulating base
plate of the printed circuit board and within the
first winding pattern; and

asecond magnetic flux leakage prevention layer
positioned on the second surface of the insulat-
ing base plate of the printed circuit board and
within the second winding pattern.

7. The current sensing transformer as claimed in claim
6, wherein each of the first and second magnetic flux
leakage prevention layers is made of a ferrite poly-
mer composite.

8. The current sensing transformer as claimed in claim
6, wherein the first and second magnetic flux leakage
prevention layers are shaped to correspond to the
first and second winding patterns, respectively.

9. The current sensing transformer as claimed in claim
1, wherein the printed circuit board is a double-sided
or multi-layered printed circuit board.

10. The current sensing transformer as claimed in claim
1, wherein the first winding pattern has substantially

the same shape as the second winding pattern.

11. A method of manufacturing a current sensing trans-
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13.

14.

15.

16.

15
former, the method comprising:

providing a printed circuit board;

forming first and second winding patterns with
a predetermined shape on first and second op-
posing surfaces of the printed circuit board, re-
spectively; and

forming first and second magnetic flux leakage
prevention layers within the first and second
winding patterns, respectively.

The method as claimed in claim 11, wherein provid-
ing a printed circuit board further comprises provid-
ing a copper clad laminate with copper clad layers
formed on first and second surfaces of an insulating
base plate.

The method as claimed in claim 12, wherein forming
first and second winding patterns further comprises:

forming photoresist patterns with a predeter-
mined shape on the copper clad layers;
etching the copper clad layers; and

removing the photoresist patterns.

The method as claimed in claim 11, wherein forming
first and second magnetic flux leakage prevention
layers comprises forming each of the first and sec-
ond magnetic flux leakage prevention layers from a
ferrite polymer composite.

A lamp power supply comprising:

a DC/AC converter converting DC power sup-
plied from an outside source into AC power;

a transformer transforming a level of AC power
output from the DC/AC converter;

apower sensing unit sensing a level of AC power
applied to a lamp;

a comparator comparing a power level sensed
by the power sensing unit with a reference power
level and determining a change in power; and
a controller controlling an operation of the
DC/AC converter in response to a signal output
from the comparator,

wherein the power sensing unit includes a cur-
rent sensing transformer which comprises a
printed circuit board having an insulating base
plate, a first winding pattern formed in a prede-
termined shape on a first surface of the insulat-
ing base plate of the printed circuit board, and
a second winding pattern formed in a predeter-
mined shape on a second surface, opposite the
first surface, of the insulating base plate of the
printed circuit board.

The lamp power supply as claimed in claim 15,
wherein the power sensing unit further comprises a
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17.

18.

19.

20.

16

first magnetic flux leakage prevention layer posi-
tioned on the first surface of the insulating base plate
of the printed circuit board and within the first winding
pattern, and a second magnetic flux leakage preven-
tion layer positioned on the second surface of the
insulating base plate of the printed circuit board and
within the second winding pattern.

The lamp power supply as claimed in claim 15,
wherein the DC/AC converter, the transformer trans-
forming a level of AC power output from the DC/AC
converter, the comparator, and the controller are
mounted on the printed circuit board.

The lamp power supply as claimed in claim 15,
wherein the power sensing unit is connected to an
input or output terminal of the transformer that trans-
forms a level of AC power output from the DC/AC
converter.

The lamp power supply as claimed in claim 15, fur-
ther comprising a switching unit connected to an in-
put terminal of the DC/AC converter to control output
of DC power supplied from the outside.

A liquid crystal display comprising:

at least one lamp;

a backlight unit including a lamp power supply
which comprises a DC/AC converter converting
DC power supplied from outside into AC power;
a transformer transforming a level of AC power
output from the DC/AC converter, a power sens-
ing unit sensing level of AC power applied to the
at least one lamp, a comparator comparing a
power level sensed by the power sensing unit
with a reference power level to determine a
change in power, and a controller controlling an
operation of the DC/AC converter in response
to a signal output from the comparator; and

a liquid crystal display panel positioned above
the backlight unit to display an image thereon,
wherein the power sensing unit includes a cur-
rent sensing transformer which comprises a
printed circuit board having an insulating base
plate, a first winding pattern formed in a prede-
termined shape on a first surface of the insulat-
ing base plate of the printed circuit board, and
a second winding pattern formed in a predeter-
mined shape on a second surface, opposite the
first surface, of the insulating base plate of the
printed circuit board.
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